For many years, business has invested significant resources in information technology, hardware, software, and manpower. The Productivity Paradox is the seeming lack of productivity gains despite the increased investment in IT. For many years the existence of a Productivity Paradox has been the subject of research interest. Conflicting results have been obtained from a variety of data sets. Until this time however there has been no study that has investigated European companies' use of information technology and its impact on productivity. The objective of this study was to investigate information technology productivity with a new data set from a European published source, and measuring productivity using both market and financial based measures. Results of the study indicated that information technology did have a consistent positive impact on firm level productivity in Europe for the years 1996, 1997, and 1998. Both market and financial based productivity measures provided consistent positive significant returns with regard to IT productivity. The major contribution of the study is that it provides an analysis of the impact of European information technology on firm and economic productivity.
Since 1987, many researchers such as Erik Brynjolfsson, Paul Strassman, and Loren Hitt have studied the problem of whether the huge investment in information technology (IT) has had a positive impact on overall productivity in the economy and specifically on the firm. A variety of data sources has been analyzed across different perspectives and researchers have come to different conclusions on this central question. The Productivity Paradox concept started in 1987 with Robert Solow, the Nobel prize-winning economist, who said that computers can be seen everywhere but in the productivity statistics (Solow, 1987) . The Paradox as presented by Strassmann is that, despite large investments in information technology, productivity as measured by cost of goods sold has not increased (McCune, 1998) . Loveman, in 1988, studied information technology capital versus output over a five-year period, and found no correlation between information technology spending and output increase (Brynjolfsson, 1993) . The Productivity Paradox simply stated that empirical investigations in the late 1980s and early 1990s seemed to show that information technology investments, by a variety of measures, were not contributing to overall productivity gains. Since the late 1980s, however, a series of studies have provided different, more positive results for information technology investments. The studies have included Brynjolfsson and Hitt (1996) , Bharadwaj, Bharadwaj, and Knosynski (1999) and Dewan and Kraemer (1998) .
RELEVANCE OF THE STUDY
The general question addressed in this research is similar to many previous studies, i.e., does investment in information technology have a significant positive effect on overall firm productivity and performance. This work, however, adds to the literature in several ways:
1. This empirical study analyzes both market based and financial productivity measures. 2. This research examines current information. 3. It includes European firms.
BARRIERS AND ISSUES
As with any empirical research, the biggest challenge was to find an appropriate data source to empirically investigate the proposed research problem. The first step in obtaining a data set was to review the data sets used by other researchers in the field. The data sources for the studies presented in the literature search vary from government sources to major publications' survey data, to private empirical surveys. A data set heretofore unanalyzed was the Top 100 IT spenders in Europe from the publication Information Strategy.
HYPOTHESES TO BE INVESTIGATED
This study empirically investigates the following research hypothesis: Positive productivity gains are recognized for both European firms, in the recent time frame, from information technology investment.
SIGNIFICANCE OF THE STUDY
This study represents a significant research issue due to the sheer size of information technology spending in the economy as a whole, and its expected positive impact on firm level productivity. The significance of the study is that 32.5% of all business capital investment is IT related, not including software and systems development. (Dos Santos, Peffers, and Mauer, 1993) This is a very significant expenditure for business. It should be determined whether IT increases productivity. The study of the productivity impact of information technology on organizations started slowly. Though commercial applications for computer technology started in the late 1950s and accelerated through the 1960s and 1970s, there was little research on measuring the benefits gained from information technology spending. The implementation of management information systems and related technology were accepted in organizations through the perceived savings in manpower gained from automating clerical tasks such as payroll, accounts payable, and other financial applications. But beginning in the early 1980s, researchers tried to measure the impact that IT was having on the individual firm, in specific applications, and on the economy as a whole. No significant studies focusing on IT productivity were developed until the early 1980s. Then the pace of studies significantly accelerated and reached its peak in the period 1987-1995. Results from two decades of studies have resulted in little consensus on whether IT spending is having a significant favorable impact on individual firms or the economy as a whole.
DATA COLLECTION
As noted, the data source for this study was culled from a published source. Information Strategy, a United Kingdom publication, prepares an annual survey of the top 100 information technology spenders for European businesses. Data were obtained from this organization. All IT expenditures and personnel information were supplemented with published financial data from Compustat and Standard and Poor's financial publications and databases. Least squares regression methods were used to determine the impact of information technology expenditures on firm productivity. Both market based and financial productivity measures were reviewed and tested prior to use. Specific financial and market based measures were determined through analysis of Compustat and other data sources, and included generally accepted measures such as return on sales, return on equity, Tobin's q, market value per share, and return on assets.
APPROACH
The approach of this study was an empirical analysis at the firm level using financial and market based measures. Firm level data were used since most researchers suggest it provides the most accurate indicator of information productivity in the economy as a whole. Macroeconomic studies are affected by other significant economic factors and deal only with aggregate data. Application level studies cannot be extrapolated to the economy as a whole. Firm level studies as performed by Brynjolffson and Hitt (1996, 1998a) , Lehr and Lichtenberg (1999) , and Kwon and Stoneman (1995) have proven the most reliable. This study uses the same methodology as a study by the author on US firms (Peslak, 2003 Market based measures were • Tobin's q.
• Market value • Price/earnings ratio • Market price to book ratio • Price/cash flow per share.
These served as the dependent variables, or IT productivity measures. The key independent variable was some measure of information technology expenditures. For the regression analyses performed, linear equations were used for all analyses as well as the Cobb-Douglas production function for non-ratio analyses. Ordinary least squares regression analysis was performed on the data sets. The dependent performance measures were tested against these independent variables --cash flow, earnings before interest and taxes, and market value. The Cobb-Douglas production function was used for these dependent variables. The equations were changed as follows:
Log Performance index (x)= a + b log Current Assets + c log Total Assets+ d log Total Long-term Debt+ e log Total Sales+ f log Total IT Budget+ g log Total Non-current Assets+ h log Number of Employees. The equation was Log x = a + b log CA+ c log TA + d log TLTD+ e log TS +f log ITBUD+ g log TNCA + h log EMP.
The dependent performance measures were tested against the noted independent variables -log cash flow, log earnings before interest and taxes, and log market value. Ratios were also used on the Information Strategy database as performance measures. The form of the equation and the independent variables were as follows: The following dependent performance measures were tested against these independent variablesMarket to Book ratio, Market to cash flow, PE ratio, ROA, ROE, ROI, Tobin's q, and 3 year return percent.
For the 14 performance measures tested, the overall adjusted R 2 (coefficient of determination) was calculated as well as the IT variable correlation coefficient and its significance. A p value of .05 was used as the threshold for significance of the independent variable on the dependent performance measure. The significance of other independent variables was also reviewed. This analysis proceeded through each year of the Information Strategy data 1996, 1997, and 1998. The results were then reviewed to determine whether the results have been consistent for the period 1996-1998 for European firms.
RESULTS
The result tables use abbreviations for each dependent variable performance measure. The explanations of these abbreviations are shown in Table 2 . The database from Information Strategy was assessed with the noted financial and market measures. The first year analyzed is shown in Table 3 . In eight of the 13 measures, which could be tested, information technology expenditures were significant and positive. (One measure, market value log, was unable to be calculated because of insufficient data points). Total observations were fairly small however, at 13 to 16 observations. But for cash flow, market value, market to book value, return on assets, return on equity, return on investment, Tobin's q and 1-year return (3 year return was unavailable for the International database), significant and positive correlation coefficients were recorded. In the 1997 analysis of top European firms, the number of factors significant and positive was reduced, however. Only five of 14 were significant and positive at the p < .05 level. They were market to book, market to cash flow, Tobin's q, 1 year return, and return on assets. At the p < .10 level two more factors would be included, earnings before interest and taxes, and market value.
Complete results are shown in Table 4 . The number of data points rose to 22 to 26 depending on the dependent performance measure. The final year of the Information Strategy database available and analyzed was 1998. This year generally had 40-60 observations. Here, once again, there were eight measures that had significant p values (at p < .05) for the information technology spending coefficients. The coefficients for cash flow, earnings before interest and taxes, market value, cash flow log, market to book, return on assets, return on investment, and Tobin's q all were positive. This suggests a positive correlation between information technology expenditures and the dependent performance measure. Another factor, return on equity, was positive and significant at the p < .10 level. Complete details are shown in Table 5 . Tables 6 and 7 . Table 6 shows the European results for the 3 years for all financial measures. Twelve of the twenty-four analyses demonstrate strong positive relationships between information technology and the dependent performance measure significant at the p < .05 level. Of these, return on assets was positive and significant at the p < .05 level for all three years. The market measures shown in Table 7 show similar strength in relationships between information technology expenditures in European firms and productivity. Nine of the seventeen analyses showed positive and significant (at p < .05) relationships. The Tobin's q measure was significant at p < .05 and its correlation coefficient was positive in all three years analyzed. The results of the Information Strategy database thus confirm the conclusion that there is no significant difference between financial and market based measures in determining information technology productivity. Overall it can be stated that a significant positive relationship was generally established between information technology expenditures and European firm level productivity. The hypothesis was supported.
CONCLUSIONS AND IMPLICATIONS
The overall objective of the study was to determine whether a Productivity Paradox existed and currently exists at the firm level for European firms. In other words, the question was whether information technology had a positive impact on European firm level productivity. The results of the study generally found a positive relationship between IT spending and firm level productivity for European firms. A Productivity Paradox at the firm level was not observed in this study.
ANTICIPATED BENEFITS
The implications of the findings may influence corporate spending on information technology in Europe, since information technology expenditures generally added to the productivity of the European firm. Positive correlation between IT spending and productivity for European firms was found to exist. However, IT spending should be scrutinized closely. A relationship was found for European firms, but not all years and productivity measures were affected. Care must be taken with European IT expenditures. This study advances knowledge of the impact of information technology spending for current time frame, international analyses, using both financial and market based measures.
